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@ Process for producing grain- oriented electrical steel strip having high magnetic flux density. 

© The present invention discloses a process for producing a grain -oriented electrical steel strip having a high 
magnetic flux density. The process comprises hot -rolling a steel ingot comprising basic ingredients and. added 
tiiereto. 0.02 to 0.15 % of Sn at a temperature of 1200*0 or below, annealing the hot -rolled strip, cold -rolling 
the annealed strip with a final rolling reduction of 80 % or more and subjecting the cold -rolled strip to 
decarburization annealing, a nitriding treatment and finish annealing, wherein the temperature, T'C, of annealing 
of the hot -rolled strip is set so as to fall witiiin the range 1240 - 2.1 x AIr < T < 1310 - 1.8 x AIr (wherein 
AIr = acid soluble [AI]-27/14 x [N]) and the strip is soaked for 180 sec or less, maintained at a temperahjre in 
the range of from 800 to 950 * C for 30 to 300 sec and then quenched. 

The grain - oriented electrical steel strip thus produced is not Influenced by the variation in the [Al] and [N]. 

According to the present invention, a grain -oriiented electrical steel strip having a very high magnetic 
density can be stably prepared through tfie establishment of a proper relationship between the Al and N 
ingredients and conditions for annealing of a steel strip before final cold rolling and tiie growtii of a primary 
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recrystallized grain to optimize the annealing conditions and the practice of a nitriding treatment after 
decarburization annealing. 

Fig. J 
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The present invention relates to a process for producing a grain -oriented electrical steel strip for use 
as an iron core of electrical equipnnent. In particular, the present invention is concerned with a process for 
producing a grain -oriented electrical steel strip having a very high magnetic flux density through studies 
and optimization of conditions for annealing of a hot -rolled strip after hot rolling in a production process 
5 wherein a steel slab is heated at 1200* C or below, that is, a production process wherein an Inhibitor is 
formed in situ after the completion of cold rolling in a one -stage cold -rolling process or two -stage cold 
rolling process. 

A grain -oriented electrical steel strip is produced so as to exhibit an excellent magnetic property only 
in the direction of rolling, and can be used to produce a transformer having excellent performance. The 

10 grain -oriented electrical steel strip is characterized by a secondary recrystallized grain from the viewpoint 
of the growth of a crystal. In order to accelerate the growth of the secondary recrystallized grain, it is 
necessary to regulate the growth of a primary recrystallized grain through the addition of a very small 
amount of an inhibitor element For example, in a two -stage cold rolling process, in many cases, MnS is 
used as the inhibitor. In general, this process comprises adding Mn or S in the step of producing a steel, 

1$ hot -rolling the steel, cold -rolling the hot -rolled steel twicd with intermediate annealing being conducted 
between the cold - rollings into a strip having a final thickness and subjecting the strip to decarburization 
annealing and final annealing to grow a crystal grain. 

In one -stage the cold rolling process, in many cases. AIN is used as the inhibitor. In this process, 
conditions for the inhibitor are important, and regulation is conducted so that the growth of the primary 

20 recrystallized grain is prevented while the secondary recrystallization is accelerated. Specifically, In the 
one -stage cold rolling process, it is known that in order to obtain a secondary recrystallized grain having a 
higher degree of pole concentration, the inhibitor should exhibit a stronger restraint than that in the case of 
the two -stage cold rolling process for the purpose of suppressing the growth of a primary recrystallized 
grain having a smaller size derived from a high rolling reduction and, at the same time, conducting the 

25 formation and growth of a secondary recrystallization nucleus. 

A grain - oriented electrical steel strip is used mainly as an iron core material for a transformer, a 
generator and other electrical equipment. A high magnetic flux density, a watt loss and a magnetostriction 
at an ordinary frequency are important properties required of the grain -oriented electrical steel strip. The 
magnetic flux density is determined by the degree of pole concentration of {110}<001> orientation. Further, 

30 the grain -oriented electrical steel strip should have excellent magnetic properties, that Is, a magnetization 
property and a watt loss property, and further should have a good coating. 

The grain - oriented electrical steel strip can be prepared by selectively evolving a crystal grain having 
the so-called "Goss texture", that is, having a {110} plane on the rolled plane and a <001> axis in the 
direction of rolling through the utilization of a secondary recrystallization phenomenon. 

35 As is well known in the art, the secondary recrystallization occurs in finish annealing after decar- 
burization annealing subsequent to cold rolling. In order to satisfactorily form the secondary recrystallization, 
the growth of the primary recrystallized grain should be inhibited as much as possible until the temperature 
reaches a secondary recrystallization region. For this reason, fine precipitates such as AIN, MnS and MnSe, 
that is. inhibitors should be present in the steel. 

40 Therefore, in the process for producing an electrical steel, an electrical steel slab is heated at a high 
temperature of 1350 to 1400* C for completely dissolving an inhibitor forming element added in the stage of 
making a steel, for example. Al, Mn, S. Se or N. Thus, the inhibitor forming element completely dissolved in 
a solid solution form in the electrical steel slab finely precipitates as AIN. MnS and MnSe through 
intermediate annealing at the stage of a hot -rolled strip after hot rolling or an intermediate gauge before 

45 the final cold rolling. 

With respect to prior art relevant to the above - descrit^ed process. Japanese Examined Patent 
Publication (Kokoku) No. 46-23820 discloses a method for precipitating AIN having a preferred size in the 
steel strip which comprises incorporating C and AI in a common steel or a silicon steel to form a secondary 
recrystallized grain having a {110}<001> orientation, wherein annealing immediately before the final cold 

so rolling is conducted at a temperature of 750 to 1200*C and quenching is conducted at a temperature of 
750 to 950 • C depending upon the amount of Si. Japanese Unexamined Patent Publication (Kokai) No. 50 - 
15727 discloses a process for producing a grain - oriented electrical steel strip which comprises hot -rolling 
a steel containing C, Al, Mn. N. Cu or the like and cold -rolling the steel at least once, wherein, before the 
final cold rolling, the steel strip is annealed at a temperature of 760 to 1 177* C for 15 sec to 2 hr and cooled 

55 from a temperature of 927* C or less and 400 *C or above to a temperature of about 260 *C or below at a 
rate higher than a natural cooling rate. 

These method can be applied only to the material which is hot - rolled after completely dissolved a fine 
precipitation by raising a heating temperature of a steel slab. 
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In such a process, as described above, since the electrical steel slab is heated at a high temperature, 
the amount of occurrence of a molten scale (slag) during the heating is so large that the frequency of repair 
of the heating furnace becomes high. This gives rise to problems such as an increase in the maintenance 
cost, a lowering in the operation rate of facilities and an increase of fuel consumption in unit of steel. 

5 Studies have been made on a process for producing a grain -oriented electrical steel strip having excellent 
properties wherein an electrical steel slab is heated at a lowered temperature. For example. Japanese 
Examined Patent Publication (Kokoku) No. 61 -60896 discloses a process which comprises heating a 
material comprised of an electrical steel slab having a Mn content of 0.08 to 0.45 %, a S content of 0.007 
% or less, a lowered value of the product [Mn][S] and. incorporated therein. Al. P and N at a temperature of 

10 1200*C or below. And Japanese Unexamined Patent Publication (Kokai) No. 1 -230721 discloses the same 
process which comprises heating an electrical steel slab containing Al. N, B, Ti or the like at a temperature 
of 1200*C or below. In recent years, as opposed to the atx>ve- described process wherein an inhibitor is 
formed in situ through a solution heat treatment at a high temperature before the step of cold rolling, a 
process wherein the inhibitor is formed in situ in a step after the cold rolling has been developed. This has 

75 enabled a grain - oriented electrical steel strip having excellent properties to be produced through the 
regulation of the texture (recrystallization ratio, transformation phase, etc.) alone in the steps of hot rolling 
and annealing of hot - roiled strip. 

As well known in the art, the secondary recrystallization phenomenon occurs during finish annealing 
after decarburization annealing subsequent to cold rolling. In order to satisfactorily form the secondary 

20 recrystallization. the growth of the primary recrystallized grain should be inhibited as much as possible until 
the temperature reaches a secondary recrystallization region. For this reason, fine precipitates such as AIN, 
MnS and MnSe. that is, inhibitors, should be present in the steel. 

The present invention provides a process for producing a grain -oriented electrical steel strip having a 
very high magnetic flux density through studies and optimization of conditions for annealing of a hot -rolled 

25 strip after hot rolling in a production process wherein a steel slab is heated at 1200*C or below, that is. a 
production process wherein an inhibitor is formed in situ after the completion of cold roiling in one -stage 
cold - rolling process or two - stage cold rolling process. 

The mean grain diameter and the grain diameter distribution which regulate the structure of a strip 
subjected to decarburization annealing are important to a process for producing a grain - oriented electrical 

30 steel strip wherein an electrical steel slab is heated at a low temperature of 1200*C or below. Further, the 
regulation of the texture and the formation of an inhibitor in situ, for example, nitriding, as well are important 
In particular, the structure and texture of a strip subjected to decarburization annealing are important to 
magnetic properties of the product such as a high magnetic flux density, a watt loss and a magnetostriction 
in an ordinary frequency. The magnetic flux density is determined by the degree of pole concentration of 

35 {110}<001> orientation. Further, the grain -oriented electrical steel strip should have excellent magnetic 
properties, that is. excellent magnetization property and watt loss property, and further should have a good 
coating. 

With respect to the influence of the microstructure. Japanese Unexamined Patent Publication (Kokal) 
No. 2-1 82866 proposes that the mean diameter of the primary recrystallized grain and the coefficient of 
40 variation of the diameter are limited to 15 um and 0.6 or less, respectively. The present inventors have 
made further studies of this proposal. As a result, they have found that the structure before cold rolling, the 
size and the state of distribution of the precipitate, the temperature of annealing after cold rolling, etc.. are 
factors having an effect on the microstructure. The annealing of the hot -rolled strip (including annealing 
before final cold rolling) and decarburization annealing have an effect on these factors. 
45 The present inventors have made further detailed studies, and clarified the influence of the relationship 
between ingredients (Al, N) of the steel and conditions for annealing of the steel strip and the growth of the 
primary recrystallized grain at the time of decarburization annealing on the magnetic flux density of the 
grain -oriented electrical steel strip. This has led to the development of a grain -oriented electrical steel 
strip having a very high magnetic flux density unattainable in the prior art through the optimization of 
50 conditions for annealing of a hot -rolled strip and the practice of a nitriding treatment in the step after 
decarburization annealing. 

The subject matter of the present invention is as follows. 
(1) A process for producing a grain -oriented electrical steel strip having a high magnetic flux density, 
comprising the steps of: 

55 heating an electrical steel slab comprising, by weight. 0.025 to 0.075 % of C. 2.5 to 4.5 % of Si, 

0.015 % or less of S, 0.015 to 0.04 % of acid - soluble Al. less ttian 0.010 % of N and 0.050 to 0.45 % of 
Mn with the balance consisting of Fe and unavoidable impurities at a temperature 1200* C or below; 
hot -rolling the heated slab into a hot -rolled strip having a predetermined thickness; 
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Table 1 



10 



IS 



Ingot No. 


Acid soluble [Al] |(%) 


[N] (%) 


AIr (ppm) 
(acid - soluble [Al] - 27/1 4x [NJ) 


1 


0.022 


0.0072 


80 


2 


0.023 


0.0075 


90 


3 


0.026 . . 


0.0075 


115 


4 


0.028 


0.0072 


140 


5 


0.030 


0.074 


160 


6 


0.033 


0.017^ 


185 - - V 


7 


0.035 


0.0075 


205 ^' 



Table 2 



20 



Condition 


Primary soaking temp. (* C) " 


' Secondary soaking temp. (* C) 


Quenching rate 


1 


1 150" C X 30 sec (soaking time) 


900* C x 120 sec (time in furnace) 


40 • C/sec — room temp. 


2 


1100*Cx30sec 


900*Cx 120sec 


40 • C/sec room temp. 


3 


1050*Cx30 sec 


900*Cx 120 sec 


40 • C/sec — room temp. 


4 


1000*Cx30 sec 


900'Cx120sec 


40 * C/sec room temp. 


5 


950* C X 30 sec 


900*Cx120sec 


40 • C/sec room temp. 


6 


900*Cx150sec 




40* C/sec room temp. 


7 


850" Cx 150 sec 




40 • C/sec room temp. 



25 



30 



Thereafter, the material was pickled, cold - rolled into a thickness of 0.23 mm and then subjected to 
35 decarburization annealing at a temperature of 835 * C in an atmosphere comprising 25 % of N2 and 75 % of 
H2 and having a dew point of 60 * C. Further, the nitriding treatment was conducted at 750 * C for 30 sec in a 
mixed gas comprising N2, H2 and NHa to adjust the N2 content of the steel strip after nitriding to at>out 200 
ppm. Thereafter, the material was coated with an annealing release agent composed mainly of MgO and 
TiO and subjected to finish annealing at 1200*C for 20 hr. The relationship between AIr of ingot, primary 
40 soaking temperature CT*C) in annealing of hot -rolled strip and magnetic flux density is shown in Rg. 1. 
From Rg. 1, it is apparent that a high magnetic flux density can be obtained within 1240 - 2.1 x AIr < T < 
1310 - 1.8 X AIr. 

Then, the influence of the secondary soaking temperature was studied through the use of a hot -rolled 
strip of ingot No. 4 specified in Table 1 , and the results of the optimization of the conditions will now be 
45 descrit)ed. The annealing of the hot -rolled strip was conducted under the following conditions. 
Primary soaking temperature: 1000*C 
Soaking time: 30 sec 

Secondary soaking temperature: 700 to 950 * C 
Time in furnace: 120 sec 

50 Thereafter, treatments subsequent to the annealing were conducted under the same condition as that 
described above. The results are given in Rg. 2. From Rg. 2, it is apparent that the secondary soaking 
temperature capable of providing a magnetic flux density (Bs) of 1.93Tesla or more is in the range of from 
800to950'C. 

Further, various studies were conducted on the primary and secondary soaking times. As a result, it 
55 was found that the optimal soaking time of the primary soaking temperature and residence time of the 
secondary soaking temperature were 1 80 sec or less and 30 sec to 300 sec. respectively* A high magnetic 
flux density can be stably obtained when the rate of cooling from the secondary soaking temperature region 
Is 10 •C/sec or above. These soaking conditions can be applied to annealing conducted after the hot -rolled 
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strip is pickled and cold - rolled. 

Although the reason why a high magnetic flux density (Bg) can be obtained by the annealing has not 
been elucidated yet, it is believed to t>6 as follows. 

Examples of the factor having an effect on the secondary recrystallization phenomenon including the 
5 orientation of the secondary recrystallization include a primary recrystallized structure (mean grain diameter 
and grain diameter distribution), texture, strength of inhibitor, etc. The texture and grain diameter distribution 
change accompanying the growth of grain after the completion of the primary recrystallization. In order to 
facilitate the nucleation and the grain growth of the secondary recrystallization. it is desired that grains in 
the primary recrystallized structure have a homogeneous grain diameter and a diameter larger than a given 
10 value. 

On the other hand, it is necessary for the texture to have a suitable amount of a secondary 
recrystallizable grain having a {110}<001> orientation or the like and a suitable amount of a grain having a 
{111}<1 12) orientation or the like capable of facilitating the growth of a secondary recrystallized grain. 

This is influenced by the crystal grain diameter of the steel strip before cold rolling (recrystallization 

75 ratio), the amount of the transformation phase, the amount of C in a solid solution form. etc. 

In the process of the present invention, the presence of the inhibitor before cold rolling is unfavorable 
because this makes it difficult to regulate the primary recrystallized structure. However, the precipitation of 
AIN is unavoidcible as long as Al and N are used as the composition of the material. For this reason, the 
control of fine precipitates having an effect on the growth of grain is important. 

20 With respect to the function of AIN, AIN having a lower AI(AiFO value exhibits a stronger restraint for the 
growth of the primary recrystallized grain if the annealing coruJition is identical. In the annealing of the hot— " 
rolled strip according to the present invention, the reason why the primary soaking temperature is varied 
depending upon the AIr value is that the size of the precipitation of AIN derived from the difference in the 
AIr is controlled by varying the annealing temperature of the hot -rolled strip to form a homogeneous 

25 primary recrystallized structure having a predetermined size or more through the elimination of the variation 
in the growth of a primary recrystallized grain. 

The cooling from the secondary soaking temperature to room temperature at a rate of 10*C/sec or 
more is necessary for ensuring a given size and given amounts of a transformation phase and C in a solid 
solution form, and this as well appears to play an important role in optimizing the primary recrystallized 

30 coalesced structure. 

The optimization of the structure and tiie texture can be attained through a combination of the above - 
described cooling rate with the temperature of decarburization annealing conducted after cold rolling. In 
order to obtain a high magnetic flux density (Be), it is necessary to conduct the cold rolling with a final 
rolling reduction of 80 % or more. As described above, the decarburization annealing serves to decarbudze 

35 the steel strip and. at the same time, to form an oxide layer necessary for the regulation of the primary 
recrystallized structure and the formation of the glass film, and is usually conducted in a mixed gas 
comprising a humid hydrogen and a nitrogen gas in a temperature region of 800 to 900 * C. Specifically, the 
gas constituting the atmosphere is preferably a mixed gas comprising hydrogen and nitrogen which has a 
dew point of 30* C or above. 

40 In the decarburization annealing, after the strip is coated with an annealing separator comprising MgO 
and Ti02 and, added thereto, an agent having a nitriding capability such as MnN. CrN. etc., finish annealing 
is conducted at a temperature of 1100'C or above. It is also possible to use a gas having a nitriding 
capability as a gas constituting the atmosphere for the finish annealing. In a further embodiment, after the 
decarburization annealing, the steel strip may be annealed in an atmosphere containing a gas having a 

45 nitriding capability such as NHa at a temperature of 700 to 800 * C in a short time to nitrify the steel strip, 
coated with a known annealing separator and then subjected to finish annealing. 

The function and effect of the present invention will now be described in more detail with reference to 
the following Examples. 

so Example 1 



Three kinds of steel ingots different from each other in the acid soluble Al content were prepared by 
adding Al in varied amounts to a molten steel comprising 0.050 % of C, 3.50 % of Si. 0.12 % of Mn, 0.008 
% of S. 0.0076 % of N. 0.05 % of Sn and 0.12 % of Cr. 
55 Acid soluble [Al] 

(a) 0.023 % . 

(b) 0.028 % 
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cold -rolling the hot -rolled steel strip once or two times or more with intermediate annealing toeing 
conducted between the cold rollings into a cold -rolled steel strip with a final rollffSb feductfbh df 80 % or 
more; and 

subjecting the cold - rolled steel strip to decarburization annealing and finish annealing, 
wherein the strip beiore final cdid rolling is annealed through a two -stage soaking process which 
comprises establishing the relationship t)etween a higher soaking temperature, T*C, and AIr (acid- 
soluble [AIl-27/14 x (NJ) (ppm) determined from the compositions of the hot -rolled strip so as to fall 
within 1240 - 2.1 x TAIr < T < 1310 - 1.8 x TAIr (the maximum temperature: '*1 150* C. the minimum 
temperature: 950'C), soaking the strip at the determined temperature, T*C, for 180 sec or less, holding 
the strip at a lower soakinjg temperature of 800 to 950* C for 30 sec to 300 seS and cooling the strip to 
room temperature at a rate of 10*C/sec or more, and the steel strip is nitrided l>etween when the 
decarburization annealing Is completed and yvhen the temperature reaches a secondary recrystairization 
Initiation temperature of the steel strip in the finish annealing. 

(2) A process for producing a grain -oriented electrical steel strip having a high magnetic flux density 
according to the at)ove item (1). wherein the electrical steel slab as the starting material comprises, by 
weight, 0.025 to 0.075 % of C, 2.5 to - 4.5 ?% of Si, 0.015 % or less of S, 0.015 to 0.040 % of acid- 
soluble Al, less than 0.010 % of N, 0.050 to 0.45 % of Mn, 0.02 to 0.15 % of Sn and 0.05 to 0.15 % of 
Cr with the balance consisting of Fe and unavoidable impurities. . - ' ' 

The present invention having the above -described constitution provides a process for producing a 
grain - oriented electrical steel strip through the establlshriiert of a proper relationship betweeh the Al and N 
compositions and conditions for armealtng of a steel strip before final cold rolling and the growth of a 
primary recrystallized grain to optimize the annealing conditions and the practice of a nitriding treatment 
after decarburization annealing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a diagram showing the relationship between AIr and the primary soaking temperature in the 
present invention; and 

Rg. 2 is a diagram showing the relationship between the secondary soaking temperature and the 
magnetic flux density (Bg). 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention which has been made with a view to solving the problems of the prior art will now 
be described in more detail. 

Chemical ingredients which are the first requirement of the present invention will now be described. In 
the present invention, the reason for the limitation of the ingredient composition of the electrical steel slab to 
(1) one comprising, by weight, 0.025 to 0.075 % of C, 2.5 to 4.5 % of Si. 0.015 % or less of S, 0.015 to 
0.040 % of add -soluble Al, less than 0.01 % of N and 0.050 to 0.45 % of Mn and the reason for the 
limitation of the chemical composition of the electrical steel slab to (2) one comprising, by weight, 0.025 to 
0.075 % of C. 2.5 to 4.5 % of Si, 0.015 % or less of S. 0.015 to 0.040 % of acid -soluble Al, less than 
0.010 % of N and 0.050 to 0.45 % of Mn. 0.02 to 0.15 % of Sn and 0.05 to 0.15 % of Cr will now be 
described. 

C (carbon): When the C content is less than 0.025 %, the secondary recrystallization In the step of 
annealing becomes so unstable that the magnetic flux density (Bs) of the product becomes less than 
1 .BOTesIa even though the secondary recrystallization is conducted. On the other hand, when the G content 
exceeds 0.75 %. the time necessary for decarburization annealing becomes so long that the productivity is 
decreased. 

Si (silicon): When the Si content is less than 2.5 %. it is difficult to prepare a product having a low watt 
loss. On the other hand, when the Si content exceeds 4.5 %, cracking and breaking frequentiy occur, which 
makes it Impossible to stably conduct a cold rolling operation. 

One of the features of the ingredients of the electrical steel slab according to the present invention 
resides in that the S (sulfur) content is 0.015 % or less, preferably 0.007 % or less. In a known technique, 
for example, a technique disclosed in, for example. Japanese Examined Patent Publication (Kokoku) No. 
40-15644 or Japanese Examined Patent Publication (Kokoku) No. 47 - 25250. S has been Indispensable as 
an element for forming MnS which is one of the precipitates necessary for inducing a secondary 
recrystallization. 
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In the above - described known technique, there is a S content range in which S exhibits the best effect, 
and such a content range has been specified as an amount capable of dissolving MnS at the stage of 
heating of the slab prior to the hot rolling. 

In the present invention wherein use is made of (Al, Si)N as an inhibitor, MnS is not particularly 
5 necessary and an increase in MnS is unfavorable from the viewpoint of magnetic properties. Therefore, in 
the present invention, the S content is 0.015 % or less, preferably 0.007 % or less. 

A] (aluminum): Al combines with N to form AIN. The formation of (Al. Si)N through nitriding of the steel 
after the completion of the primary recrystallization is indispensable to the present invention. For this 
reason, a given amount or more of free Al t>ecomes necessary. Therefore, the addition of Al in an amount of 
70 0.015 to 0.040 % in terms of acid soluble Al becomes necessary. 

N (nitrogen): The N content should be 0.010 % or less. When it exceeds 0.010 %, blistering occurs on 
tiie surface of the steel strip. Further, it becomes difficult to regulate the primary recrystallized grain. The 
lower limit may be 0.0020 %. This is because tt t>ecomes difficult to evolve a secondary recrystallized 
grain. 

75 Mn (manganese): When the Mn content becomes excessh^ely low, the secondary recrystallization 
becomes unstable. On the other hand, when the Mn content is excessively high, it t>6Comes difficult to 
prepare an electrical steel product having a high magnetic flux density. For this reason, the content is 
preferably in the range of from 0.050 to 0.45 %. 

Sn (tin) and Cr (chromium): The addition of Sn in combination with Or can stabilize the formation of the 

20 glass film after finish annealing. In particular, Sn can improve the texture of primary recrystallized grain after 
decarburization annealing and in Its tum can refine the secondary recrystallized grain to stabilize the glass 
film in concert with improving the watt loss. However, when the Sn content is excessively high, it becomes 
difficult to conduct nitriding. so that the secondary recrystallized grain can not grow. On the other hand, the 
optimal content of Cr is in the range of from 0.050 to 0.15 %. 

25 The incorporation of a very small amount of Cu, P and Ti in the steel does not detract from the object 
of the present invention. 

The step of rolling and the step of heat treatment in the process of the present invention will now be 
described. 

The electrical steel slab is prepared by melting an electrical steel in a LD converter or an electric 
00 furnace, optionally subjecting the melt to a vacuum degassing treatment and subjecting the stab to 
continuous casting or blooming after ingot making. Thereafter, the slab is heated prior to hot rolling. In the 
process of the present invention, the slab is heated at a low temperature of 1200*C or t>eiow, and the 
amount of consumption of heating energy is reduced. At the same time, AIN in the steel is not completely 
dissolved in a solid solution form and is brought to an incomplete solid solution form. Further, it is needless 
35 to say that MnS having a high solid solution temperature becomes an incomplete solid solution form. The 
steel slab is hot -rolled into a hot -rolled strip having a predetermined thickness. 

The annealing of hot -rolled strip characteristic of the present invention will now be described based on 
experimental results. 

An ingot comprising 0.054 % of C, 3.25 % of Si. 0.14 % of Mn, 0.007 % of S, 0.05 % of Sn and 0.10 % 
40 of Cr as base components and, added thereto, acid -soluble [Al] and [N] in amounts varied as given in 
Table 1 was heated to 1150*C and hot -rolled into a hot -rolled strip having a thickness of 2.0 mm. The 
hot -rolled strip was annealed under conditions given in Table 2. 
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(c) 0.034 % 

These steel ingots were heated at 1150*C and hot -rolled into hot -rolled strips having a thickness of 
2,0 mm. ' > 

Thereafter, annealing of the hot -rolled strips was conducted under the following conditions^ 

(i) 1 130 • C X 2 min (time in furnace) + 900* G x 2 min (time in furnace) — quenching in 100 * C water 

(ii) 1000* C X 2 min (time in fumace) + 900*0 x 2 min (time in fumace) quenching in 1 00 *C water 

(iii) 950 * C X 2 min (time in fumace) 900 * C.x 2 min (time in fumace) quenching in 100 * C water 
Thereafter, the strips were cold -rolled into a thickness of 0^ mm and then Subjected to decar- 

burization annealing at 835 *C for 90 sec in an atmosphere having a dew point*"of 65 *C and comprising 
humid hydrogen and nitrogen. Subsequiently, a nitriding treatment was conducted at 750 * C for 30 sec in an 
atmosphere comprising a mixed. gas comprising, dry nitrogen and hydrogen and, added thereto, ammonia to 
bring the nitrogen content after nitriding to 200 ppm. Thereafter, the steel strips were coated with a slurry 
composed mainly of MgO and TiOz. dried and subjected to finish annealing at 1200 * C for 20 hr. 
Magnetic properties after finish annealing are given in Table 3. 

Table 3 



Sample 
(Tesia) 


Residual [Al] (Ala) (ppni) 


Magnetic flux density / 


conditidns for annealing of hot - rolled strips 


(i) 




- (iii) 


a 


84 


1.94 " 


1.90 


1.87 


b 


134 


1.90 


1.95 


1.91 


c 


194 


1.82 


1.92 


1.95 



From Table 3. rt is apparent that in the case of the siample a having a tow AIr value, a high magnetic 
flux density is obtained at a high primary soaking temp>erature in~tfie annealing of the hot-rolled strip while 
in the case of the samples b and c having a higher Al^ value, a high magnetic flux density is obtained at a 
lowered primary soaking temperature in the annealing of the hot -roiled strip. The annealing conditions 
satisfy the constituent features of the present invention. 

Example 2 

Two kinds of steel ingots different from each other in the acid soluble Al content were prepared by 
adding Al in varied amounts to a molten steel comprising 0.054 % of C. 3.30 % of Si, 0.14 % of Mn, 0.007 
% of 8, 0.0074 % of N. 0.03 % of Sn and 0.08 % of Cr. 



Acid soluble [Al] 


AIr 


(a) 0.027 % 

(b) 0.035 % 


128 pprn 
208 ppm 



These steel ingots were heated and hot -rolled into hot -rolled strips having a thickness of 1.6 mm. 
Thereafter, annealing of the hot -rolled strips was conducted under the following conditions. 

(i) 1050* C X 2 min (time in furnace) + 850* C x 2 min (time in fumace) quenching In 80* C water 

(ii) 900 * C X 2 min (residence in furnace) + 850 '0x2 min (residence in furnace) quenching In 80 * C 
water 

Thereafter, the strips were cold -rolled into a thickness of 0.17 mm and then subjected to decar- 
burization annealing at 830 *C for 70 sec in an atmosphere having a dew point of 65 *C and comprising 
hydrogen and nitrogen. Subsequentiy, a nitriding treatment was conducted at 750 *C for 30 sec in an 
atmosphere comprising a mixed gas comprising dry nitrogen and hydrogen and. added thereto, ammonia to 
bring the nitrogen content after nitriding to 230 ppm. Thereafter, the steel strips were coated with a slurry 
composed mainly of MgO and Ti02, dried and subjected to finish annealing at 1200* C for 20 hr. 

Magnetic properties after finish annealing are given in Table 4. 
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Table 4 


• 


Sample 


AJr (ppm) 


Magnetic flux density (Tesia) 






conditions for annealing of hot -rolled strips 






0) 


GO 


a 


128 


1.93 


1.91 


b 


208 


1.90 


1.94 



The conditions for annealing of the hot -rolled strips which provided a magnetic flux density of 
l,93Tesla or more satisfy the constituent features of the present invention. 

75 Example 3 

Two kinds of steel ingots different from each other in tiie add soluble A! content were prepared by 
adding Al in varied amounts to a molten steel comprising 0.050 % of C. 3.2 % of Si, 0.10 % of Mn, 0.010 % 
of S, 0.0076 % of N, 0.05 % of Sn and 0.10 % of Cr. 

20 



Acid soluble [AI] 


Al„ 


(a) 0.025 % 

(b) 0.032 % 


104 ppm 
174 ppm 



These steel ingots were heated and hot -rolled into hot -roiled strips having a thickness of 2.7 mm. and 
then pickled and cold -rolled into a thickness of 2.2 mm. Thereafter, the cold -rolled strips was annealed 
under the following conditions. 

0) 1100*Cx2 min (time in furnace) + 900 '0x2 min (time in furnace) quenching in 80 * C water 
(ii) 900* C x 2 min (time in furnace) + 900* C x 2 min (time in fumace) quenching in 80* C water 

Thereafter, the strips were further cold -rolled into a thickness of 0.27 mm and then subjected to 
decarburization annealing at 840* C for 120 sec in an atmosphere comprising humid hydrogen and nitrogen. 

Subsequentiy, a nitriding treatment was conducted at 750 * C for 30 sec in an atmosphere comprising a 
mixed gas comprised of dry nitrogen and hydrogen and. added thereto, ammonia to bring the nitrogen 
content after nitriding to 200 ppm. Thereafter, the steel strips were coated with an annealing separator and 
subjected to finish annealing at 1200* C for 20 hr. 

Magnetic properties after finish annealing are given in Table 5. 

Table 5 



Sample 


AIr (ppm) 


Magnetic flux density (TesIa) 






conditions for annealing of cold - rolled strips 






(i) 


(ii) 


a 


104 


1.93 


1.89 


b 


174 


1,87 


1.94 



From Table 5, it is apparent that in the two -stage cold roiling process as well, a good magnetic 
property can be obtained when the conditions satisfy the constituent features of the present invention. 

Thus, a grain - oriented electrical steel strip having a very high magnetic density can t>e stably prepared 
through the establishment of a proper relationship between the Al and N ingredients and conditions for 
annealing of a steel strip before final cold rolling and the growth of a primary recrystallized grain to optimize 
the annealing conditions and the practice of a nitriding treatment after decarburization annealing. 
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Claims 



1. A process for producing a grain - oriented electrical steel strip having a high magnetic flux density, 
comprising the steps of: 

6 heating an electrical steel slab comprising, by weight, 0.025 to 0.075 % of C, 2.5 to 4.5 % of SI, 

0.015 % or less of S, 0.015 to 0.040 % of acid - soluble Al, less than 0.010 % of N ^and 0.050 to 0.45 
% of Mn with the balance consisting of Fe and unavoidable Impurities at a temperiature 1200*C or 
below; 

hot -rolling the heated slab into a hot - rblled steel strip having a predetermined thickness; 
10 cold -rolling the hot -rolled steel strip once or two times or more with intermedfate annealing t>eing 

conducted between the cold rollings into a cold -rolled steel strip with a final rollirfg reduction of 80 % 
or more; and 

subjecting the cold - rolled steel stip to decarburization annealing and finish annealing, 
wherein the strip before final cold foiling is annealed through a two -stage soaking process which 
75 comprises establishing the relationship between a higher soaking temperature, T*C, and AIr (acid- 
soluble [Al]-27/14 x [N]) (ppm) determined from the compositions of the hot -rolled strip so as to fall 
within 1240 - 2.1 x AIr < T < 1310 -1.8 x AIr (the maximum temperature: 1150'C, the minimum 
temperature: 950* C), soaking the strip at the determined temperature, T*C, for 180 sec or less, 
holding the strip at a lower soaking temperature of 800 to 950* C for 30 to 300 sec and cooling the strip 
20 to room temperature at a rate of 10*C/sec or more, and the steel strip is nitrided Between when the 
decarburization annealing is completed and when the temperature reaches a secondary recrystallization 
initiation temperature of the steel strip in the finish annealing. 

2. A priocess for producing a grain -oriented electrical steel strip having a high magnetic flux density 
25 according to claim 1, wherein the electrical steel slab <as the starting material comprises, by weight, 

0.025 to 0.075 % of C, 2.5 to 4.5 % of Si, 0.015 % or fdss of S. 0.015 to 0.040 % of acid -soluble AI, 
less than 0.010 % of N. 0.050 to 0.45 % of Mn, 0.02 to 0.15 % of Sn and 0.05 to 0.15 % of Cr with tiie 
balance consisting of Fe and unavoidable impurities. 

30 3. A grain - oriented electrical steel strip having a high magnetic flux density, produced by a process 
according to claim 1 or 2. 
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Fig. 1 
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Fig. 2 
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